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Introduction Gravity Gradiometer for Earth Testing 


We report progress towards a prototype atom interferometer gravity 
gradiometer for Earth science studies from a satellite in low Earth orbit. r ay 2. SS es 

The terrestrial prototype has a target sensitivity of 8 x 10° E/Hz’/* and Ry ~ oD Qos 

consists of two atom sources running simultaneous interferometers with 

interrogation time T = 300 ms and 12 hk photon recoils, separated by a ,). . \ 

baseline of 2m. By employing Raman sideband cooling and magnetic X93 ‘ Ce | Magnetically 
lensing, we will generate atomic ensembles with N = 10° atoms ata /)) 3 > ~,. Seal ; Shielded 
temperature of 3 nK. The sensitivity extrapolates to 7 x 10° E/Hz?/? in ° \ {Ne 80s a Launch Tube 
microgravity on board a satellite. Simulations derived from this a ~S BG ’ 

sensitivity demonstrate a monthly time-variable gravity accuracy of 1 cm 7 

equivalent water height at 200 km resolution [1], yielding an 
improvement over GRACE by 1-2 orders of magnitude. A gravity 
gradiometer with this sensitivity would also benefit future planetary, 
lunar, and asteroidal missions. 
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Atom Interferometer Gravity Gradiometer 


e Coherent splitting of the atom wavefunction with light pulses transfers 
momentum /Akeff to part of the atom 
e Atom follows a superposition of two spatially separated free-fall paths gs | | 
e Difference in phase accrued along the two interferometer arms yields q eS | Magnetically 
an interference pattern (fringe) at the output ports . fi : Shielded 
e Phase of the output fringe is sensitive to the atom's acceleration z= ae | : Launch Tube 
e Compare two spatially separated atom interferometers to measure a r \ 


gravity gradient m/2 
le) 


for a simple 2-photon 
Raman transition 
yielding hk. ~ 2hk, 
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Larger momentum 
transfers (LMT) have 
been demonstrated 
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Semi-Classical Phase Shift: 
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Simulated Error Model for 
Earth Time Variable Gravity Measurement 


e Simulated Earth time variable | 
gravity for 30 days in April 2009 | Nias ine yumentsAtthude Error 


3 Beam AIGG Instrument+Attitude Error 


e Simulation "Truth: incl. 3 Beam AIGG Instrument+Attitude+Aliasing Error 


hydrology, glacial isostatic — Raman Sideband Cooling 
adjustment (GIA), ocean and 


atmosphere effects ) 
e Cold atom gravity gradiometer | | 
(CAGG) simulated with T = 14s, : 
L = 2 mand an RMS noise of “f 

~10° E ' ! 
e Errors from satellite attitude, | | 
the CAGG instrument, and ocean | 

SS eee 2 — : 2ms 8 ms 14 ms 20 ms 26 ms 32 ms 38 ms 44 ms 50 ms 56 ms 62 ms 


and atmosphere aliasing are a ae. ; 
: 1 1 
included oo Spherical Harmonie Degree =_—— se T — 300 NK, N — 10 


(Spatial Resolution, km) 
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Equivalent Water Height [cm] 


AIGG Estimate 
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